The study was performed on 39 live donkeys that underwent gastroscopic examination. The lesions were recorded in accordance with the European College of Equine Internal Medicine Consensus Statement guidelines. The EGGD lesion was a mild depression in the ventral glandular fundus. ESGD was primary in all the donkeys included and lesions were located around the cardia and along the lesser curvature. Gasterophilus sp. larvae were present in all animals and were identified as third-stage larvae of Gasterophilus intestinalis. No animals showed clinical signs of equine gastric ulcer syndrome (EGUS). No significant differences relating to sex, age or breed were found in the prevalence of EGUS in this study, while the proportion of donkeys affected by ESGD was statistically higher than those affected by EGGD. To the best of our knowledge, this is the first report on the gastroscopic evaluation of EGUS in live donkeys. Our results show a higher prevalence of EGUS in live donkeys than values previously reported by other authors in donkeys that were dead or had been subjected to euthanasia. The detection of third-stage G. intestinalis larvae was not unexpected since these can be found in the stomach of equids throughout the year, and G. intestinalis has been reported as the most common Gasterophilus sp. in Italy.
Summary
The study was performed on 39 live donkeys that underwent gastroscopic examination. The lesions were recorded in accordance with the European College of Equine Internal Medicine Consensus Statement guidelines. The presence of Gasterophilus sp. larvae was also recorded. Larvae were collected and identified to species level. Fisher's exact test was used to compare different prevalence values for sex, age, and anatomical distribution of lesions. Gastric lesions were present in 20/39 (51.3% [35.6-67%]) donkeys; 19/39 (48.7% [95% confidence interval = 33-64.4%]) were affected only by equine squamous gastric disease (ESGD), while 1/39 (2.6% [0-7.5%]) showed both ESGD and equine glandular gastric disease (EGGD), thus 95% of positive donkeys showed lesions located in the nonglandular mucosa. The ESGD grade was 0/4 (48.7% [33-64.4%]) in 19/39, 1/4 (12.8% [2.3-23 .3%]) in 5/39, 2/4 (25.6% [11.9-39 .5%]) in 10/39, 3/4 in 4/39 (10.3% [0.7-19 .8%]) and 4/4 in 1/39 (2.6% [0-7.5%]) donkeys, respectively. The EGGD lesion was a mild depression in the ventral glandular fundus. ESGD was primary in all the donkeys included and lesions were located around the cardia and along the lesser curvature. Gasterophilus sp. larvae were present in all animals and were identified as third-stage larvae of Gasterophilus intestinalis. No animals showed clinical signs of equine gastric ulcer syndrome (EGUS) . No significant differences relating to sex, age or breed were found in the prevalence of EGUS in this study, while the proportion of donkeys affected by ESGD was statistically higher than those affected by EGGD. To the best of our knowledge, this is the first report on the gastroscopic evaluation of EGUS in live donkeys. Our results show a higher prevalence of EGUS in live donkeys than values previously reported by other authors in donkeys that were dead or had been subjected to euthanasia. The detection of third-stage G. intestinalis larvae was not unexpected since these can be found in the stomach of equids throughout the year, and G. intestinalis has been reported as the most common Gasterophilus sp. in Italy.
Introduction
Worldwide interest in the welfare of donkeys (Equus asinus) has been increasing mostly because of the recent new use of these animals for milk production for use in children with intolerance to cow's milk (Carroccio et al. 2000; Muraro et al. 2002; Monti et al. 2012) or in animal-assisted therapy and activities (Borioni et al. 2012) . The renewed interest in these animals is demonstrated by the number of different types of studies carried out in various countries including Italy over the last 10 years (Nardoni et al. 2007; Laus et al. 2010; Laus et al. 2015a,b; Sgorbini et al. 2013; Veronesi et al. 2014; Crisci et al. 2014; Kim et al. 2014; Piantedosi et al. 2014; Carluccio et al. 2015; Bonelli et al. 2016) .
Equine gastric ulcer syndrome (EGUS) is the most common disease of the equine stomach with a high prevalence reported in sport horses (Bezdukova et al. 2005; Bell et al. 2007; Tamzali et al. 2011; Cate et al. 2012; Sykes et al. 2015) as well as in leisure horses, breeding mares and young horses (Le Jeune et al. 2009; Luthersson et al. 2009; Nied zwied z et al. 2013) . The term equine gastric ulcer syndrome was first adopted by the EGUS Council in 1999 (Andrews et al. 1999) . It includes a set of pathological conditions characterised by ulcers in the terminal portion of the oesophagus, in the proximal (squamous) and distal (glandular) parts of the stomach, and in the proximal part of the duodenum of equids (Andrews et al. 1999) . Various authors Jokisalo 2014, 2015a,b) and the European College of Equine Internal Medicine Consensus Statement (Sykes et al. 2015) have provided a new nomenclature of EGUS, and have proposed updated guidelines regarding pathophysiology, diagnosis, and treatment.
Equine gastric ulcer syndrome appears to have been rarely described in donkeys, and findings are limited to animals submitted for necropsy (Burden et al. 2009; Morrow et al. 2011; Al-Mokaddem et al. 2014; Morales Briceño et al. 2015) . Thus, in order to provide further insight, we investigated the prevalence and anatomical distribution of EGUS in a cohort of 39 live adult donkeys. The effect of age and sex was also investigated.
Materials and methods
A total of 39 donkeys (Amiatina donkeys n = 33, and crossbred donkeys n = 6) with no clinical signs of EGUS, underwent gastroscopic examination to evaluate the presence of gastric lesions. The animals were not selected randomly, and an opportunistic sampling strategy was adopted. Seventeen out of 39 donkeys were owned by the regional authority and administrative body of Tuscany (Italy). The donkeys were permanently housed at the Department of Veterinary Sciences' (13/39) or regional authority's stud farm facilities in Pisa (4/39) for reproduction activities. The remaining donkeys (22/39) were owned by two private stud farms located in Camerino and Perugia, also used for reproduction activities.
All the donkeys were eligible to participate in the study (see study inclusion criteria below), and were thus recruited. All the animals were kept in sand paddocks for at least one year before the gastroscopy. Jennies were grouped (5 or 6 animals/paddock), while jacks were housed in single small paddocks maintaining eye contact with the other animals. All the donkeys were fed meadow hay ad libitum and commercial feed for horses (humidity 12%, protein 15-16.5%, oils and lipids 1.5-2%; cellulose 6.8%; ashes 2.6%; sodium 75 mg/kg; Equifioc) 1 , in accordance with the NRC recommendations for energy. All the donkeys included in this study had never been vaccinated and had not received antiparasitic drug treatments for at least one year.
The inclusion criteria were: 1) nonathletes and nonworking donkeys; 2) breeding animals; 3) no administration of nonsteroidal anti-inflammatory drugs or corticosteroids for at least 20 days immediately prior to gastroscopy.
The day prior to gastroscopy a clinical examination and routine blood work was performed on all the donkeys enrolled. The animals were then housed in 4 9 4 m boxes 15 h before gastroscopy. The examination was performed under sedation after 15 h of fasting with detomidine 60 lg/kg bwt (Detogesic) 2 and butorphanol 50 lg/kg bwt (Nargesic) 3 injected i.m. before entering the examination room. Gastroscopy was performed as described by Bain et al. (2004) , using a portable processor Gastropack 4 and a 300 cm long scope (60130PKS) 4 . The long gastroscope was passed into the stomach, which was insufflated with air through an air-flow system attached to the biopsy channel of the endoscope until the internal stomach folds appeared flattened. Feed material adherent to the nonglandular mucosa was flushed away with sterile water in order to visualise the entire nonglandular portion of the stomach, including the greater curvature, the lesser curvature, and the dorsal fundus. The images were recorded on a digital media for subsequent revaluation and storage. The lesions were graded and described in accordance with the European College of Equine Internal Medicine Consensus Statement guidelines (Sykes et al. 2015) . Equine squamous gastric disease (ESGD) lesions were scored using the scale proposed by the EGUS Council (1999), while equine glandular gastric disease (EGGD) was not scored, but described as the presence or absence, anatomical location, distribution and appearance of lesions. The occurrence of Gasterophilus larvae in the stomach and proximal duodenum was also determined during the gastroscopic examination. A few (3-5) larvae were collected via the biopsy channel of the endoscope using a biopsy pincer from each infested animal, placed in plastic vials containing saline solution (NaCl 0.9%), examined under a stereomicroscope, and identified by their morphological features to species level according to Zumpt (1965) .
Statistical analysis
Total prevalence values of EGUS, ESGD and EGGD, single scores (0-4), groups of scores ranging from 1 to 2-4, and Gasterophilus infestations were determined. In addition, the corresponding 95% confidence intervals (CIs) were calculated with Jeffrey's method (http://epitools.ausvet. com.au/content.php?page=CIProportion). Prevalence values and 95% CIs of EGUS according to anatomical location (ESGD and EGGD), sex, age (≤3 years and >3 years), and breed (Amiatina and crossbreed) as well as distribution of scores of ESGD according to sex, age and breed were also calculated. Fisher's exact test was used to compare differences between groups. Statistical analysis was performed with commercial software (Prism 7) 5 . Differences were considered significant and highly significant when P values were <0.05 and <0.01, respectively.
Results
The donkeys enrolled in this study included 16 female donkeys (jennies) and 23 male donkeys (jacks), aged 1-18 years (median age = 3 years). A 15-h feed withdrawal time was adequate to visualise 95% of the stomach (Fors et al. 2001) . The gastroscopy was performed in all the donkeys enrolled (39/39, 100%). The anatomy was similar to observations described by others (Fors et al. 2001; Jerbi et al. 2014) .
Lesions On the basis of the scores proposed by Andrews et al. (1999) and Sykes et al. (2015) , grade 1 is characterised by an intact squamous gastric mucosa with the presence of hyperaemia and/or hyperparakeratosis, while grades 2-4 are characterised by the presence of squamous gastric ulcers. Thus, the total prevalence of donkeys with gastric lesions obtained in this study (51.3% [35.6-67%]) included 12.8% (5.1-25.8%) of donkeys showing hyperkeratosis and/or hyperaemia (score 1) and 38.4% (24.5-54.1%) showing ulcers in the nonglandular mucosa (scores 2-4).
The EGGD lesion consisted of a mild depression in the ventral glandular fundus and was associated with ESGD lesions scoring 2. ESGD was considered primary in all the positive (19/19, 100%) donkeys enrolled with alterations located around the cardia and along the lesser curvature. Tables 1 and 2 summarise the results for the prevalence of EGUS according to anatomical location of lesions (ESGD or ESGD/EGGD), sex, age (≤3 years or >3 years) and breed (Amiatina or crossbreed), as well as distribution of scores for ESGD according to sex, age, and breed, respectively. All the animals (39/39, 100%) showed the occurrence of Gasterophilus larvae attached in groups near the margo plicatus curvature, irrespective of the presence or absence of EGUS. No Gasterophilus larvae were found in the proximal duodenum. In agreement with Al-Mokaddem et al. (2014), after removal, Gasterophilus larvae left small shallow erosions at their attachment sites. All larvae collected during the study period were identified as third-stage larvae of Gasterophilus intestinalis.
Statistical analysis showed no significant differences in the prevalence of EGUS with respect to sex (P = 0.75) age (P>0.999) and breed (P = 0.37), while the difference between the number of donkeys affected by ESGD and those affected by ESGD/EGGD was highly significant (P<0.0001). Similarly, the difference between the prevalence of donkeys affected by grade 1 lesions (hyperaemia and/or hyperparakeratosis) and the prevalence of donkeys affected by grade 2-4 lesions (ulcers) was statistically significant (12.8% [2.3-23.3%] vs. 38.5% [23.2-53.7%], P = 0.0183).
Discussion
The aim of the present study was to present the prevalence, and anatomical distribution of EGUS in a cohort of live adult donkeys. To the best of the authors' knowledge, this is the first report to consider the gastroscopic evaluation of EGUS in live donkeys.
The gastroscopic examination was performed in all the donkeys enrolled in the present study, no damage to the oesophageal or gastric mucosa due to the passage of the endoscope was detected and the stomach was reached easily.
The prevalence of gastric lesions consistent with EGUS obtained in this study was 51.3% (35.6-67%) and 38.5% (23.2-53.7%) of the animals had ulcers (grade 2/4-4/4). In addition, the squamous portion of the stomach was predominantly affected. Morrow and colleagues (2011) reported a prevalence of 42.1% (39.6-44.7%) of gastric ulcers, alone or in combination with other disorders, in a retrospective postmortem study; they did not describe the localisation of the lesions (ESGD or EGGD) or the lesions' score. Burden and colleagues (2009) found a prevalence of 41% in donkeys that had been subjected to euthanasia or were dead and did not describe the localisation of the lesions or the scoring. AlMokaddem and colleagues (2014) found a lower prevalence (20%) of gastric lesions (erosions/ulcerations) in 35 mature draught donkeys that had been subjected to euthanasia. In a study conducted in Spain on 10 dead donkeys, Morales Briceño et al. (2015) reported a 90% prevalence of gastric ulcers, and performed a lesion scoring (0/4-4/4) similar to ours, as proposed by others (Andrews et al. 1999) . Our results, obtained in apparently healthy donkeys examined alive, showed a similar prevalence of EGUS to the value reported by Morrow et al. (2011) , considering the 95% CIs, higher than values reported by other authors (Burden et al. 2009; AlMokaddem et al. 2014) , and lower than the findings of Morales Briceño and colleagues (2015) obtained in donkeys that were dead or had been subjected to euthanasia.
None of the donkeys enrolled in above mentioned studies were working animals, instead they had a sedentary life style, like the donkeys included in this survey. However, the donkeys enrolled in previous studies (Burden et al. 2009; Morrow et al. 2011) were elderly (mean age: 30.5 and 30.6 years, respectively), while in the present study we enrolled younger animals (mean age: 5 years). In the survey carried out by Morrow and colleagues (2011) , 92.6% of the donkeys were humanely destroyed, 4.8% were found dead and 2.6% died under treatment for different diseases. Burden and colleagues (2009) enrolled donkeys affected by different pathologies, which were dead or were subjected to euthanasia because of problems in one of the main body systems.
In the present paper, 48.7% (33-64.4%) of the animals showed ESGD of grade 0/4, while 48.7% (33-64.4%) had lesions graded 1/4-3/4, with a very low prevalence (2.6%, 0.0-7.5%) of grade 4/4. In the report by Morales Briceño and colleagues (2015), the evaluation of gastric lesions in dead donkeys revealed an ESGD with the highest prevalence of grade 2/4. These differences could be related to the inclusion of alive vs. dead donkeys and to the higher number of animals evaluated in the present study compared to the previous one (39 vs. 10).
No differences related to sex, age or breed were found in this study. This is in line with reports performed both in donkeys (Burden et al. 2009 ) and horses Rabuffo et al. 2002; Bezdukova et al. 2005; Bell et al. 2007; Lester et al. 2008; Hepburn 2014) , but in contrast with other authors (Sandin et al. 2000) .
None of our donkeys had clinical signs attributable to EGUS or other diseases, in accordance with Morales Briceño and colleagues (2014), who enrolled asymptomatic donkeys that died due to nondigestive causes. The majority of donkeys enrolled by Burden et al. (2009) were subjected to euthanasia or died due to a problem in one of the main body organ systems. By contrast, Morrow et al. (2011) reported that only 2.6% of the donkeys enrolled were subjected to euthanasia under treatment of a nonspecified disease. Finally, Al-Mokadden and colleagues (2014) included donkeys subjected to euthanasia for diseases not related to EGUS, which were predominantly long bone fractures.
The detection of third-stage G. intestinalis larvae was not unexpected since these can be retrieved throughout the year and G. instestinalis has been reported as the most common Gasterophilus species in Italy (Otranto et al. 2005) . G. intestinalis larvae were found to be attached along the margo plicatus in all our donkeys. These findings are in agreement with other authors who detected a 100% infestation rate in Egypt (Al-Mokaddem et al. 2014) . However, lower prevalence values of 30% and 0.4% have also been (Morrow et al. 2011) , respectively. Differences in prevalence rates of G. intestinalis may be due to environmental and climatic conditions influencing the spread of parasites. Some geographical areas may therefore be more favourable than others for the transmission of equine gastric myasis. It is also possible that lower prevalences were associated with the use of drugs that are effective against gastric stages of G. intestinalis. Unfortunately, other researchers did not provide information in this regard in their studies (Morrow et al. 2011; Morales Briceño et al. 2015) . The role of parasites in the pathogenesis of gastric lesions is unclear. Previous reports have suggested that Gasterophilus spp. can cause gastric and intestinal ulceration (Sandin et al. 2000; Sequeira et al. 2001) . Since larvae were found both in donkeys with and without EGUS, the authors cannot rule out whether infestation by G. intestinalis could be a risk factor for EGUS in this host species. The starch/grain intake has been associated with a higher risk of EGUS, both in horses Frank et al. 2005; Luthersson et al. 2009 ) and donkeys (Burden et al. 2009 ). All the donkeys included in the present study were fed on carbohydrates in the same manner; therefore, this risk factor could not be evaluated.
Conclusions
Equine gastric ulcer syndrome has been described in horses and donkeys. In this study, we report EGUS in a population of donkeys in Italy. Our results highlight that EGUS had high prevalence in the examined donkey population although there were no clinical signs and that the squamous portion of the stomach was much more frequently affected than the glandular region. This suggests that EGUS may be more common in donkeys than was previously thought, but it is routinely overlooked. Further studies are needed to investigate the aetiology, pathogenesis, clinical significance and risk factors for this condition in donkeys. 
